Downhole magnetometer logs from Sites 865 and 866 in the Cretaceous Mid-Pacific Mountains are used to constrain the nature and origin of the drilled igneous sections. These data provide information concerning the physical nature of basaltic flows that is not otherwise available because of poor core recovery. Magnetic boundaries, apparent inclination, and polarity of magnetization were determined from horizontal and vertical magnetic field variations in the hole.
INTRODUCTION
Seamount magnetic anomalies have been used to calculate mean seamount magnetizations, paleomagnetic poles, and polar wander paths of oceanic plates. Such analyses have been the basis for interpreting the nature of seamounts, studying seamount chain formation, and for making deductions about absolute plate motions (e.g., Sager and Pringle, 1988; Sager, 1992) . However, the magnetization structures of most seamounts are unknown.
Recent studies of the magnetizations of rocks from seamounts or basaltic volcanoes suggest that the magnetizations are complicated by a varied lithology (Gee et al., 1988 (Gee et al., , 1989 ). An important implication of these studies is that the induced magnetization, assumed to be negligible in seamount paleomagnetic studies, may contribute significantly to seamount magnetic fields (Gee et al., 1989) . Thus, although seamount basalts typically have a high Koenigsberger (Q) ratio (Furuta et al., 1980; Gee et al., 1988) , the ratio of primary to induced magnetization, low-Q rocks may exist within a seamount to violate the paleomagnetic assumption. Indeed, several studies of seamount Paleomagnetism obtained results that imply an induced overprint Sager and Han, 1993) .
Despite these conclusions, few data relating seamount rock magnetization to their magnetic fields exist. Typically, magnetic anomaly studies are performed on seamounts for which no samples are available. During Leg 143, we were able to collect downhole magnetic field logs within the basaltic sections of two seamounts that were drilled during the cruise: Allison Guyot (Site 865) and Resolution Guyot (Site 866). Such downhole magnetic logs can be useful for studying the magnetic structures in basaltic sections, particularly where core recovery is low. Furthermore, these logs allow one to examine in detail the relationship between sample magnetizations and magnetic field.
To date, downhole magnetic logs are rare, but have been obtained from oceanic crust (Ponomarev and Nekhoroshkov, 1983; Kinoshita et al., 1989; Hamano and Kinoshita, 1990; Pariso et al., 1991; Pariso and Johnson, 1993) , where they have given evidence of the magnetic structure and the origin of magnetic lineations. In addition, a downhole proton precession magnetometer has been used along with a magnetic susceptibility log to construct a magnetic stratigraphy of sediments in a borehole in the Paris Basin (Pozzi et al, 1988; . To our knowledge, the Leg 143 logs are the first such data from oceanic seamounts. In this study, we present interpretations, deduced from downhole magnetic measurements, about the nature of the basalts at Sites 865 and 866.
MAGNETIC LOGS
Magnetic logs were obtained with the Japanese three-component downhole magnetometer. This device contains a three-axis fluxgate that allows for measurements of two horizontal components and one vertical component in the borehole to an accuracy of 2 nT.
Basalts were cored at Site 865 as three to four sills within a clayey limestone section in the bottom 34 m of Hole 865 A (837-871 mbsf; Sager, Winterer, Firth, et al., 1993) . The magnetometer was run from 500 to 865 mbsf with sampling rate that gave a measurement spacing of 0.9 m.
At Site 866, subaerial basalts were cored in the bottom 124 m of Hole 866A (1620-1744 mbsf; Sager, Winterer, Firth, et al., 1993) . Magnetic log measurements were made from 1595 to 1636 mbsf, with sampling spacing of 0.3 m to obtain greater resolution. The penetration into the basalt section was only about 16 m because the unstable basalt collapse into the hole, creating a blockage.
METHODS
Assuming that the cross section of a hole is a perfect circle and that a cylindrical region around a hole is magnetized in a homogeneous manner, the vertical (F z ) and the horizontal (F H ) fields at z = z 0 resulting from the magnetized body, bounded by z = Zj and z 2 , are expressed as
where m is the intensity of magnetization, / is the inclination of the magnetization, and Rl and R2 denote the radii of the hole and the cylindrical magnetized body, respectively (Hamano and Kinoshita, 1990) .
If the present magnetic field at the site, such as the IGRF 1990 field (IAGA Division V Working Group 8, 1991) , is known, the vertical (F z ) and horizontal fields (F H ) caused by the surrounding magnetized body in the hole can be calculated by subtracting the present magnetic field at the site. The apparent inclination that results from a single, homogeneous, cylindrical magnetized body, can be obtained directly as follows:
When the absolute values of the horizontal and vertical magnetic fields are not available, and only relative changes are measured, the spatial differential of both components can be used for calculation of the apparent inclination instead of the absolute values F z and F H . This relationship is easily derived from Equations 1 and 2, because the functions of both components are related to depth in the same manner.
Polarity of magnetization acquired in the Northern or Southern Hemisphere can be distinguished by the sign of both the horizontal and vertical fields from the surrounding magnetized material with respect to the present magnetic field at the site (Table 1) .
Here, we define the intensity of the spatial differential of the downhole magnetic field (ISDDM) as follows:
where F H and F z are the horizontal and vertical magnetic fields resulting from the surrounding magnetized body. If there is enough distance between magnetic boundaries, ISDDM will exhibit a peak at the boundaries (Fig. 1) . The vertical boundary resolution using ISDDM is about 2 m in an ODP borehole (Fig. 1) . Therefore, magnetic boundaries can be determined by recognizing ISDDM peaks.
DATA AND DATA PROCESSING
Magnetic variations of the horizontal and vertical components between 500 and 862 mbsf were obtained at Site 865 and those between 1595 and 1638 mbsf at Site 866. Obvious magnetic-field variations that correspond to basalt in the holes were observed below 835 mbsf at Site 865 and below 1625 mbsf at Site 866.
Problems occurred in both holes as a result of spurious variations caused by tool rotation. Below 650 mbsf at Site 865 and below 1595 mbsf at Site 866 within the limestone and dolomite section, where the logging cable speed was less than 1000 m/hr, the horizontal and verti-+ Here, we have followed the following notation convention:
cal magnetic field components are smooth, and only small spikes in the horizontal component and low amplitudes of sinusoidal magnetic variations (<500 nT) in both components were observed. These sinusoidal magnetic variations are caused by the dip of the hole, accompanied with the slow rotation of the tool, derived from torsion of the wireline cable. In contrast, high-amplitude (-30,000 nT), sharp decreases in the horizontal magnetic field were recorded above the aforementioned depths at each site, where the logging cable speed was faster than 2000 m/hr, but the vertical magnetic field variations are the same as observed below those depths. This suggests that these large variations were caused by the abrupt change of the tool orientation owing to the fast logging cable speed and the unstable hole conditions. Horizontal and vertical magnetic variations between 700 and 800 mbsf at Site 865, and between 1595 and 1620 mbsf at Site 866, which correspond to a weakly magnetized section consisting of limestone and dolomite, were used to estimate the present magnetic field in each hole. Estimated present magnetic field in the holes, and the difference between that field and the IGRF 1990 magnetic field (IAGA Division V Working Group 8, 1991), are listed in Table 2 . Estimated vertical and horizontal components of the present magnetic field were subtracted from horizontal and vertical magnetic fields measured in the holes.
The uncertainty from tool rotation was taken into account in the data processing as follows. A 1-m interval data set has been constructed from both upgoing and downgoing magnetometer logs at Site 865 to average out short-wavelength variations caused by tool rotation. The raw data from Site 866 were used because only upgoing magnetometer logs were recorded at Site 866. However, at this site, logging speed was about three times slower than that at Site 865 to reduce tool rotations.
The smoothed spatial differential of the vertical and horizontal components have been used to calculate the ISDDM and the apparent inclination to reduce the effects of tool rotation. The smoothing of the spatial differentials was made by fitting the data with a cubic polynomial function using a 9-m interval least-squares procedure (Savitzky and Golay, 1964) . The simple model results show that the ISDDM curve, after the smoothing operation, has a vertical resolution of about 2 m (Fig. 1) .
Magnetic boundaries were determined by calculating the ISDDM. Peak values of ISDDM higher than those that appeared in the limestone section caused by tool rotation were selected as magnetic boundaries in the igneous section. These boundaries were divided into two groups: peaks with troughs near zero on both sides were regarded as major magnetic boundaries, whereas the others were regarded as minor boundaries. Major magnetic units and subunits also were determined, using major and minor magnetic boundaries.
Apparent-inclination values were determined within the igneous rock section in each hole using the spatial differential of the vertical and horizontal components. To identify the polarity and the hemisphere of magnetization, both signs of horizontal and vertical magnetic variations with respect to the estimated horizontal and vertical components of the present magnetic field were used.
Paleomagnetic properties of discrete samples of basalts from Sites 865 and 866 were compared with downhole magnetometer logging results. As downhole susceptibility logs were not made, susceptibility measurements from discrete samples were used to constrain the contribution of induced magnetization to the downhole in situ magnetic variations.
RESULTS

Site 865
Downhole magnetometer logs from Site 865 are shown in Figure  2 . Magnetic boundaries and units determined from ISDDM are summarized in Table 3 . Paleomagnetic results are also listed in Table 4 . Apparent inclination is presented only within magnetic units corresponding to igneous rock. Three major magnetic units (magnetic Units 1-3) are identified, and two subunits also are suggested in Unit 3 from the ISDDM curve (Table 3) . Magnetic boundaries determined from the ISDDM curve clearly show two major magnetic units between 838 and 846 mbsf (Units 1 and 2) and also suggest that two subunits exist below 852 mbsf (Subunits 3A and 3B). The logging results suggest that the shallow igneous unit identified by the Shipboard Scientific Party within Core 143-865-90R is subdivided into two sills: Sill 1, 837-840 mbsf, and Sill 2, 843-845 mbsf. The shipboard unit spanning Cores 143-865-93R to -94R may also be composed of two sills (Sill 3A, 852-856 mbsf; Sill 3B, 856-859 mbsf), but this subdivision is less clear.
NATURE AND ORIGIN OF BASALT SEQUENCES
Calculated magnetizations in the igneous rock section indicate an origin in the Southern Hemisphere during a normal chron. The apparent inclinations of magnetic Unit 2 range from -26° to -33°, which is in good agreement with natural remanent magnetization (NRM) values (-30°) derived from discrete shipboard paleomagnetic measurements. The apparent inclinations of magnetic Unit 1 and Subunit 3 A range from -15° to -27°, and they are somewhat shallower than NRM values derived from discrete shipboard paleomagnetic measurements. In magnetic Subunit 3B, the apparent inclinations are highly variable and may have been affected by the drill bit, which was left at the bottom of the hole.
Discrete sample paleomagnetic results from magnetic Unit 2 show a high Q ratio (Table 4) . Thus, the magnetization of Unit 2, if dominated by a remanent component, suggests that the inclinations of a characteristic magnetization range from -26° to -33°, with an origin in the Southern Hemisphere during a normal polarity chron. The Q ratio of paleomagnetic results in magnetic Unit 3 is lower than that within magnetic Unit 2 (Table 4 ). An induced component would tend to cause the apparent inclination to be shallower than the paleomag- 
Site 866
Horizontal and vertical components of magnetic variation, ISDDM, and apparent inclination are shown in Figure 3 . Magnetic boundaries and units determined from ISDDM and paleomagnetic results are listed in Tables 5 and 6 , respectively.
The vertical magnetic field variations gradually decrease below 1621 mbsf, corresponding to the sediment/basalt contact. Clear magnetic boundaries can be observed at 1625 and 1629.1 mbsf.
Two major magnetic units were identified from the ISDDM curve. Magnetic Unit 1 (1625-1629.1 mbsf) shows the magnetization acquired in the Southern Hemisphere during a reversed chron. Highly altered basalt was recovered from this interval (Core 143-866A-171R).
A prominent magnetization in magnetic Unit 2 (> 1629.1 mbsf) is a normal magnetization that originated in the Northern Hemisphere, suggesting the dominance of the present-day field. Core recovery in magnetic Unit 2 was poor. The minimal core recovered, however, suggests a stratigraphy of altered basalt fragments embedded in a redbrown clay/soil matrix and was interpreted on board the ship as a debris flow or talus deposit. Magnetization deduced from downhole magnetometer logs is consistent with this interpretation; the most altered basalt or soil likely carries a viscous overprint of the present-day field.
Magnetic Unit 2 also contains four magnetic subunits (2A-2D). In magnetic Subunits 2B and 2C, both horizontal and vertical mag- netic fields decrease in approximately the same sense. Although a normal Northern Hemisphere magnetization is dominant in magnetic Unit 2, this variation implies thin magnetized layers in magnetic Subunits 2B and 2C, which were magnetized in the Southern Hemisphere during a reversed polarity chron. It is these thin layers that we consider to be weathered basalt flows, rather than clasts in a debrisflow deposit.
An apparent inclination calculated from the logs near magnetic boundaries at 1625 mbsf in magnetic Unit 1 is about 35°. Below the position where apparent inclination is about 35°, the apparent inclination becomes steeper, but returns to almost 0° at about 1628 mbsf, near the next clear magnetic boundary at 1629.1 mbsf. Because a 25-point, smoothed differential value was used, the apparent inclination below 1626 mbsf is affected by the magnetization of magnetic Unit 2.
DISCUSSION
The magnetic field of the upper section of the igneous rock in Allison Guyot (Site 865) appears to have formed during the Cretaceous Normal Superchron (83.00-124.32 Ma; Harland et al, 1990) in the Southern Hemisphere. Radiometric age dates from those samples suggest possibly two ages, about 111 and 105 Ma (Pringle and Duncan, this volume), and these ages are within the Cretaceous Normal Superchron.
The uppermost igneous section of Resolution Guyot (Site 866) also formed in the Southern Hemisphere, but in a reversed polarity chron, possibly older than Chron M5 (Tarduno et al, this volume). Two mean radiometric dates were determined from the Site 866 basalts: 128 and 122 Ma (Pringle and Duncan, this volume). The uppermost samples, close to the position where downhole magnetometer logs were recorded, indicate an age of 128 Ma from radiometric age dates and belong to the oldest lavas (Pringle and Duncan, this volume). This age places the basalt within the M-reversal sequence in most time scales. An exact identification of the reversed polarity chron recorded by the shipboard paleomagnetic results and downhole magnetometer logs, however, will require further work.
The inclination of primary magnetization is likely between -27°a nd -33° for Site 865, as estimated by the downhole magnetometer results. Because the dip data from the Formation MicroScanner (FMS) did not show significant dipping contacts within the igneous section at Site 865, the apparent inclination should not be affected by the dipping of the basaltic sills. The apparent inclination most likely reflects a primary magnetization and induced or viscous overprinting magnetization. Apparent inclinations become shallower at Site 865, if an induced or viscous magnetization is added to the primary magnetization, acquired in the Southern Hemisphere during a normal chron (Fig. 4) . The shallower apparent inclinations from downhole magnetometer logs in magnetic Unit 1 and Subunit 3A of Site 865 rather than a characteristic remanent magnetization (ChRM) inclination of 31 ° (Fig. 2) , which was derived from shipboard paleomagnetic results (Sager, Winterer, Firth, et al., 1993) . This can be explained by the contribution of induced or viscous magnetization. The maximum value of apparent inclination in magnetic Unit 1 and Subunit 3A of Site 865 is about 27°; therefore, the inclination of the primary magnetization should be greater than or equal to 27°. In magnetic Unit 2 of Site 865, where high Q ratios (>30) were observed from discrete sample paleomagnetic results, the apparent inclination ranges from 27° to 33°. If the total magnetization consists of only primary and induced magnetization, and considering the case when Q is >25, the difference between the observed and primary inclinations is less than 2°. Thus, the inclination of the primary magnetization of the basaltic sills at Site 865 is probably between about 27° and 33°. This inclination is in agreement with a ChRM inclination of 31°, which was derived from shipboard paleomagnetic results on the basalts (Sager, Winterer, Firth, et al., 1993) .
As at Site 865, no significant dips were obtained from dip data of FMS logs within the upper igneous rock section of Site 866. For a magnetization acquired in the Southern Hemisphere during a reversed chron, an induced or viscous magnetization makes the observed in situ inclination steeper (Fig. 4) . Thus, the inclination of primary magnetization for the upper igneous rock section of Site 866 is less than 35°. Apparent inclination near the top of the igneous section in magnetic Unit 1 is 35°, and this is the minimum inclination value, except for that of the lower part of magnetic Unit 1, which is affected by magnetization of magnetic Unit 2. Consequently, the inclination of primary magnetization should be less than 35°, if the magnetization were caused by a primary magnetization originating in the Southern Hemisphere plus an induced magnetization. Inclination groups derived from shipboard paleomagnetic measurements near the top of the igneous interval from Sections 143-866A-171R-3 to -179R-2 give an average of 32.0° (Sager, Winterer, Firth, et al., 1993) , and this result agrees with the inclination deduced from downhole magnetometer logs.
A significant contribution of induced magnetization is suggested by discrete sample paleomagnetic results from Site 866. Histograms of Q ratios, obtained by discrete sample paleomagnetic study, are shown in Figure 5 . Almost all Q ratio values from the Site 866 basalts are low, between 1 and 6. In contrast, the Q ratios from the basaltic sills at Site 865 are one order of magnitude higher (but the number of samples is much smaller). The difference in the Q-ratio distribution between the two sites may reflect differences in the processes of formation and subsequent alteration. Basaltic sills at Site 865 are thought to be intrusive into limey sediments that became limestone. Apparently, the intrusion occurred below sea level, but near the seafloor. Because of the possible interaction with seawater, cooling may have been rapid. Rapid cooling often results in fine grain sizes that often carry stable magnetization (e.g., O'Reilly, 1984) . Basalts of Site 866, on the other hand, probably in part formed above sea level and may have cooled more slowly. In addition, they were exposed to subaerial weathering conditions, which could account for the lower Q ratios.
The estimated Q ratio from the apparent inclination values is about 18 for the top of Magnetic Unit 1 at Site 866, assuming that the inclination value of 32°, derived from shipboard paleomagnetic results of the upper igneous section (Sager, Winterer, Firth, et al., 1993) , is an inclination value of primary magnetization. This is slightly higher than the average Q ratio from paleomagnetic results, but within the Q ratio range obtained at Site 866. Grain size of the basalt decreases toward the contact with the limestone, and that of the lowermost igneous section is larger than that of the uppermost section (Sager, Winterer, Firth, et al., 1993) . Because Q ratio is related to grain size, this suggests that the Q ratio of the top of the basalt at Site 866 is relatively higher than that of the inner part of basaltic flows, as an inner part of basaltic flows may cool more slowly than the top of the basalt. The estimated Q ratio from the magnetometer logs ranges between 3 and 25 for magnetic Units 1 and 2 and Subunit 3 A of Site 865, assuming that the inclination of primary magnetization is about 31°, as from shipboard paleomagnetic results. These results are in agreement with the Q ratio from paleomagnetic results. Close relationship between Q ratio and apparent inclination suggests that induced magnetization is dominant over viscous overprinting.
Results from downhole magnetometer logs and paleomagnetic study suggest a significant contribution to borehole geomagnetic field from induced magnetization. A high Q ratio was observed only in some samples of basaltic sills at Site 865. Thus, estimates of paleomagnetic data from seamount magnetic field are probably biased by the induced component, as suggested by Gee et al. (1989) . These conclusions, of course, depend upon how typical are the basalts at Site 866. They appear to be typical subaerial basalts and, thus, could be expected to be in most large seamounts. The Site 865 basalts, with generally high Q ratios, may be less typical because they appear to be last-stage eruptive products intruded into sediments after the erosion and subsidence of the volcano.
The close correspondence of magnetization values derived from logs and NRM and ChRM values derived from discrete paleomag- netic specimens highlights a promising future for magnetic-log programs. The reliability of such logs in approximating NRM and ChRM values, as a result of the overprinting potential of induced and viscous magnetization, however, will always hinder their use for deriving paleomagnetic pole data. Trends in magnetic susceptibility data from Leg 143 discrete samples suggest that downhole magnetic susceptibility logs may provide sufficient information to constrain induced component of magnetization. Downhole susceptibility data could be used to choose intervals objectively for which the assumption of a magnetization dominated by characteristic magnetization is likely to be correct. In addition, the potential of fully oriented data (magnetometer with gyro) will provide the declination of surrounding magnetized materials. Information on declination can be used to determine the apparent polar path and/or block rotation of the region near the hole.
SUMMARY AND CONCLUSIONS
Magnetic boundaries, apparent inclination, polarity of magnetization, and the hemisphere (Northern or Southern) of magnetization were determined from horizontal and vertical magnetic-field variations within drill holes at Allison (Site 865) and Resolution (Site 866) guyots. The magnetization of basaltic sills at Allison Guyot (Site 865) was acquired in the Southern Hemisphere during the Cretaceous Normal Superchron. The inclination of primary magnetization of these sills is estimated between 27° and 33°, assuming that the magnetization result only from primary and induced magnetization. In contrast, magnetization near the top of the igneous section at Resolution Guyot (Site 866) indicates that the magnetization was acquired during a reversed polarity chron. The inclination of primary magnetization is estimated to be less than 35°. The downhole magnetometer logs and paleomagnetic results suggest that induced magnetization contributed significantly to the seamount magnetization of these basalts. 
